Climatology of precipitation and associated circulations over southern Zhejiang, northern Fujian and eastern Jiangxi (ZFJ) of China is examined based on the analysis of observational precipitation data and NCEP Reanalysis data from 1971 to 2013. The maximum rainfall over ZFJ occurs in the second ten days of June, which is associated with southwesterly winds in the lower troposphere. The analysis of rainfall amount averaged over ZFJ in the second ten days of June shows the seven strong rainfall years, in which rainfall amount anomalies are larger than one standard deviation. The rainfall in the second ten days over ZFJ for the strong rainfall years is associated with enhanced southwesterly winds in the lower troposphere and strengthened westerly winds in the upper troposphere. Torrential rainfall events occur more frequently during
Introduction
As an important component of East Asia monsoon system (Nagata and Ogura 1991) and a major rainfall source over eastern China, Meiyu front and associated torrential rainfall has been well studied over decades. The main synoptic systems that produce torrential rainfall during the Meiyu period are quasi-stationary fronts that extend westward to the middle and lower reach of Yangtze River and eastward to Japan (called as Baiu in Japan), which was first studied by Tu (1937) as the cold masses from north encounter by the warm masses from south. The Meiyu front torrential rainfall is associated with westerly jet in the upper troposphere (Gao and Tao 1991) , southwesterly jet in the lower troposphere (Sun et al. 1979 ) and multi-scale interaction (Hoskins 1974; Ninomiya 1984; Akiyama 1989) . The formation of Meiyu rainfall systems could be triggered by gravity waves as the release of unstable energy (Sun and Zhai 1980) . The Meiyu rainfall is related to water vapor convergence and local atmospheric drying (Zhai et al. 2014) . The meso-α (Akiyama 1984; Ninomiya 1988) , meso-β and meso-γ (Yoshizaki et al. 2002; Zhai et al. 2015) vortices in Meiyu fronts are direct producers for torrential rainfall.
In contrast, the torrential rainfall over southern Zhejiang, northern Fujian and eastern Jiangxi, considered as a part of Meiyu rainfall systems, receives much less attention in Chinese meteorological research communities. The torrential rainfall easily causes natural disasters including flooding and mudslide, which leads to tremendous economic losses. For example, a heavy rainfall occurred over southern Zhejiang in mid June 1998 with a rainfall amount of about 1000 mm in Qingyuan County, and associated floods and mudslide led to the 91 deaths and the losses of 4.7 Billion Chinese Yuans. Thus, the growth of regional economy and government policy making requires accurate rainfall forecast, which relies on the improvement of understanding physical processes that are responsible for the development of torrential rainfall systems in this region.
In this study, climatology of precipitation and associated circulations over southern Zhejiang, northern Fujian and eastern Jiangxi are systematically examined at first time through the analysis of observational rain gauge data and NCEP Reanalysis data. The questions to be answered in this study are: When does the rainfall in Zhejiang, Fujian and Jiangxi reach its maximum in June? What circulations are associated with the maximum rainfall over these regions? What decadal variation does the rainfall over these regions have? The data are briefly discussed in Section 2. The results are presented in Section 3. A summary is given in Section 4.
Data
Precipitation data used in this study are from daily precipitation amount provided by China International Ground Exchange Station. The data and information of quality control can be found at http://cdc.nmic.cn/. The data are used in the studies of precipitation over China (e.g., Yang et al. 2011) . The data are available from 1 January 1971 to 31 December 2013 in 194 stations. Since the data in three stations are incomplete during this period, the data from 191 stations are used in this study. The distributions of 191 stations are shown in SFig. 1. Number of stations included in SC, ZFJ and JH are 15, 5 and 12. Although only 5 stations provide the precipitation data in ZFJ, precipitation amount in the second ten days of June averaged from 1998 to 2013 in ZFJ (SFig. 2) shows the similar precipitation center to the data (SFig. 3) produced by NCEP Climate Precipitation Center (CPC) MORPHing technique (CMORPH) (Joyce et al. 2004) . The spatial and temporal resolution of CMORPH data are 0.0728 degrees at latitude and longitude and 30 minutes, respectively. Cressman interpolation software in NCL is used to interpolate 191-station data into grid data with horizontal resolution of 1° × 1°.
The wind data used in this study come from the reanalysis data (http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis. pressure.html) developed by a joint project between the NCEP and the National Center for Atmospheric Research (NCAR), which involves the recovery of land surface, ship, rawinsonde, pibal, aircraft, satellite, and other data (Kalnay et al. 1996; Kistler et al. 2001) . These data were then quality controlled and assimilated with a data assimilation system. The horizontal resolution is 2.5° latitude by 2.5° longitude, vertical levels are 17 pressure levels from 1000 hPa to 10 hPa and time resolution is 1 day. The period analyzed in this study is from 1971 to 2013, which is a total of 43 years.
Results

Climatology
We first examine the horizontal distribution of annual precipitation amount averaged in 43 years from 1971 to 2013 (SFig. 4). the westerly anomaly in the first ten days, whereas they are weakened by the easterly anomaly in the third ten days.
Precipitation Climatology over Zhejiang, Fujian and Jiangxi of China in June
Interannual variability
Since precipitation amount in ZFJ reaches its maximum in the second ten days of June, precipitation amount is averaged over ZFJ and 43-year mean and standard deviation are calculated. The strong and weak rainfall years are chosen when rainfall anomaly is larger than or equal to one standard deviation and is smaller than or equal to one negative standard deviation, respectively (Fig. 4) . The seven strong rainfall years are 1982, 1994, 1998, 2000, 2002, 2005 and 2010 , whereas the seven weak rainfall years are 1971, 1980, 1985, 1997, 2003, 2004 and 2009 . In the seven strong rainfall years, 1982, 1994 and 2002 
are starting years of El
The annual precipitation amount generally decreases northward from South China (SC; 19°N−25°N, 108°E−119°E), ZhejiangFujian-Jiangxi (ZFJ; 26°N−29°N, 116°E−121°E) to Jiang-Huai (JH; 29°N−33°N, 112°E−122°E). The maximum annual precipitation amounts are, respectively, 2420.5 mm in SC, 1714.5 mm in ZFJ and 1790.0 mm in JH. Although the annual precipitation amount in ZFJ is about three fourth of that in SC, it is similar to that in JH. Over SC and ZFJ, 43-year averaged monthly precipitation amount increases from January to June and generally decreases from June to December (SFig. 5). Over JH, the averaged monthly precipitation amount increases from January to July and decreases from July to December. The shift in monthly precipitation peak from June in SC to July in JH indicates the transition from pre-summer rainfall to Meiyu rainfall, a well-known seasonal change in monsoon rainfall associated with northward movement of subtropical high (Ding 1994) .
The 43-year averaged wind fields in June show that the southwesterly winds at 700 hPa prevail over SC, ZFJ and JH, which is a part of anitcyclonic circulations associated with western Pacific subtropical high. The southwesterly winds transport plenty of water vapor from the Bay of Bengal (Fig. 1a) . The westerly jet at 200 hPa occurs at the north of JH and the westerly winds weaken gradually from JH, ZFJ to SC (Fig. 1b) .
Torrential rainfall usually occurs in JH from the second half of June to the first half of July, which is traditionally defined as Meiyu period (Ding 1994) . To accurately detect rainfall in ZFJ, June is further partitioned into three ten-day episodes: the first ten days (1−10), the second ten days (11−20) and the third ten days (21−30). The precipitation amount in the first ten days in SC is much larger than that in ZFJ and JH (Fig. 2) . The precipitation amount increases from the first ten days of June to the second ten days in ZFJ, whereas it barely changes in JH. The precipitation center moves from ZFJ in the second ten days to JH in the third ten days. The wind anomaly relative to June climatology in 700 hPa shows the transition from the northeasterly anomaly associated with cyclonic anomaly in the first ten days to the southwesterly anomaly associated with anticyclonic anomaly in the third ten days in ZFJ and JH, implying the northward movement of western Pacific subtropical high. The northeasterly anomaly weakens southwesterly winds, which reduces the transport of water vapor over ZFJ and JH and thus suppresses rainfall in the first ten days. The decrease in the northeasterly anomaly from the first ten days to the second ten days allows southwesterly winds prevail over ZFJ in which the water vapor is transported from the Bay of Bengal to enhance rainfall in the second ten days. As western Pacific subtropical high moves northward, the southwesterly winds superimposed by southwesterly anomaly accelerate the transport of water vapor over ZFJ and JH, moving rainfall to JH.
At 200 hPa, the anomaly is switched from the westerly in the first ten days of June to the easterly in the third ten days (Fig. 3) . Thus, over SC, ZFJ and JH, the westerly winds are enhanced by The averaged data for the seven strong rainfall years reveal strong southwesterly anomaly across ZFJ and SC at 700 hPa (Fig.  5a) . The southwesterly anomaly enhances southwesterly winds and associated anticyclonic anomaly strengthens anticyclonic circulations of western Pacific subtropic high. The enhanced southwesterly winds transport water vapor to ZFJ, forming a large rainfall source for production of strong rainfall (over 250 mm). In contrast, northeasterly anomaly prevails in JH, which reduces southwesterly winds for the transport of water vapor. As a result, rainfall is suppressed in JH. The averaged data for the seven weak rainfall years show that strong northeasterly anomaly across SC and ZFJ at 700 hPa, which largely offsets southwesterly wind and effectively suppresses the transport of water vapor into these areas and thus significantly reduces rainfall (less than 100 mm) (Fig.  5b) . The cyclonic anomaly in the western Pacific weakens anticyclonic circulations associated with the western Pacific subtropic high.
At 200 hPa, westerly jet appears around 35°N (Fig. 1b) . Wind anomaly in strong rainfall years shows trough and ridge (Fig. 6a) . Over JH and ZFJ, westerly anomaly strengthens significantly, while easterly anomaly prevails at north of 35°N. Thus, ZFJ is located ahead of the ridge and westerly anomaly prevails, which implies the intensification of anticyclonic circulations at the east of Tibetan Plateau. The averaged data for the seven weak rainfall years show very weak northeasterly anomaly in ZFJ, while southerly anomaly appear at the east of ZFJ over western Pacific (Fig.  6b) .
To identify the origin and duration of convection in ZFJ, timelatitude distributions of rainfall amount averaged within 116°E− 121°E for the seven strong rainfall years are plotted in Fig. 7 . In 1982, rainfall first occurred in JH on 12 June, moved southward to ZFJ and stayed there to 20 June (Fig. 7a) . Although rainfall amount is less than 40 mm in most of the second ten days, long lived convection led to the total rainfall amount of over 200 mm in the second ten days of June. In 1994, rainfall appeared in JH on 6 June, and rainfall intensified to over 55 mm before it reached to ZFJ (Fig. 7b) . In the second ten days, there are four major torrential rainfall events in JH and ZFJ, whose amounts were over 55 mm. This caused the total rainfall amount of over 300 mm in the second ten days, which is the largest total rainfall amount in the second ten days of June during 43-year period. In 1998, rainfall occurred in JH on 11 June moved to ZFJ and stayed there for three major consecutive rainfall events with rainfall amounts of 35−55 mm (Fig. 7c) . Unlike three previous years, two torrential rainfall events of over 55 mm occurred over ZFJ in the second ten days of June, 2000 (Fig. 7d) . The rainfall events in ZFJ were associated with those in SC. In 2002, only one torrential rainfall event of over 55 mm was triggered, developed and decayed over ZFJ in the second ten days of June (Fig. 7e) . In 2005, major rainfall event occurred later in the second ten days and rainfall amount was over 55 mm (Fig. 7f ) . In 2010, three major rainfall events appeared in ZFJ (Fig. 7g) . The convection occurred in ZFJ on 13 June intensified rapidly and moved to SC, became major rainfall event there until 16 June. Two other rainfall events were limited in ZFJ later. In the seven strong rainfall years, convection either first occurred in JH and moved to ZFJ or first appeared in ZFJ. The convection may be stationary or move southward. These strongly indicate the linkage of convection between JH and ZFJ. Thus, the rainfall systems in ZFJ are a part of Meiyu rainfall systems.
Summary
Precipitation climatology over southern Zhejiang, northern Fujian and eastern Jiangxi (ZFJ) of China is documented using observational precipitation data and associated circulations are analyzed using NCEP Reanalysis data from 1971 to 2013 (a total of 43 years). The major results include the followings:
• Annual precipitation amount in ZFJ is similar to that over Jiang-Huai (JH), where Meiyu front torrential rainfall usually occurs. The analysis of monthly mean data reveals maximum rainfall amount in June over ZFJ.
• The analysis of three ten-day mean data in June shows the maximum rainfall over ZFJ in the second ten days associated with transport of water vapor by southwesterly winds in the lower troposphere. The second ten days are the transition from cyclonic circulation anomaly at the east of ZFJ in the first ten days to anticyclonic circulation anomaly in the third ten days in the lower troposphere and from westerly anomaly across ZFJ in the first ten days to easterly anomaly in the third ten days in the upper troposphere.
• The time series of rainfall amount averaged over ZFJ in the second ten days reveals the seven strong rainfall years (anomaly is larger than or equal to one standard deviation) and the seven weak rainfall years (anomaly is smaller than or equal to one negative standard deviation). The strong rainfall years show an increasing decadal trend.
• The rainfall in the second ten days over ZFJ for the strong rainfall years is associated with enhanced southwesterly winds in the lower troposphere and strengthened westerly winds in the upper troposphere. The rainfall in the second ten days over ZFJ for the weak rainfall years is related to the suppressed southwesterly winds in the lower troposphere.
• The analysis of time-latitude distribution of rainfall in the seven strong rainfall years shows that long-lived convection and strong rainfall intensity are two major factors that are responsible for production of large rainfall amounts over ZFJ in the second ten days of June.
